Introduction
Portal vein thrombosis (PVT) is a rare disorder in adults and is usually associated with cirrhosis; abdominal infections, such as pancreatitis and peritonitis; or neoplastic diseases, such as pancreatic cancer and hepatocellular carcinoma [1] . PVT also develops postoperatively, mainly after splenectomy performed for hematological disorders [2] . Splenectomy is also frequently carried out in combination with total gastrectomy to achieve complete lymph node dissection in patients with gastric malignancy, although PVT has rarely been documented in such patients. We report a case of PVT that occurred after splenectomy performed as part of an en-bloc node dissection to treat gastric malignant lymphoma.
Case report
A 38-year-old man was referred to our department for surgical treatment of malignant lymphoma located in both the upper and the lower third of the stomach. On physical examination, the liver and spleen were palpable, with no peripheral lymphadenopathy. Except for a decreased total protein level (4.6g/dl) and anemia (hemoglobin, 10.5g/dl), the hematological and biochemical findings were normal, including bleeding time (2.0min), prothrombin time (11.9s), activated partial thrombin time (37.7s), plasma fibrinogen level (482 mg/dl), and platelet count (173 ϫ 10 9 /l). He had not received any preoperative blood transfusions. Qualitative platelet function was not tested. Preoperative computed tomography (CT) revealed thickening of the stomach wall, but no evidence of metastasis, including in the regional lymph nodes close to the stomach. A patent portal vein and enlarged spleen and liver were also seen (Fig. 1A) .
He underwent total gastrectomy, splenectomy, and cholecystectomy with en-bloc D2 lymph node dissecAbstract Portal vein thrombosis (PVT) has rarely been documented in patients after splenectomy for gastric malignancy. We report a case of PVT that occurred after splenectomy as part of an en-bloc node dissection performed to treat gastric malignant lymphoma. A 38-year-old man underwent total gastrectomy and splenectomy with en-bloc D2 lymph node dissection. The spleen weighed 480 g. On postoperative day (POD) 31, the patient complained of abdominal pain in the right upper quadrant accompanied by fever. Moderate elevations of C-reactive protein (CRP), aspartate transaminase (AST), and alanine transaminase (ALT) were noted. Contrast-enhanced computed tomography (CT) and ultrasonography disclosed thrombus in the portal vein and the splenic vein. There were no abnormalities in the levels of lupus anticoagulant, protein C antigen, protein S antigen, or antithrombin III (AT III). A diagnosis of PVT was made, and prompt treatment, including intravenous heparin combined with tissue plasminogen activator (tPA) was initiated, followed by longterm warfarin. This treatment resulted in clinical improvement, but failed to achieve thrombolysis in the portal vein. At follow-up after 6 months, the patient complained of postprandial abdominal pain with persistent peripheral edema and ascites. This case indicates that splenectomy for en-bloc node dissection in gastric malignancy is a possible cause of PVT. Because both the symptoms and the laboratory data in PVT are nonspecific, a high level of clinical suspicion and a low threshold for obtaining imaging examinations are important in the early diagnosis of PVT. Surgeons should remember PVT among several other complications whenever patients treated with radical gastrectomies are symptomatic and imaging studies are considered necessary.
tion, according to the the Japanese Classification of Gastric Carcinoma [3] . Splenectomy was performed to achieve an en-bloc node dissection. The splenic vein was doubly ligated close to the pancreatic tail, and the spleen weighed 480g. The operation time was 302 min. Blood loss was 1500 ml, and 4 units of packed red cells were transfused. Histological diagnosis of the primary gastric lesion, according to the REAL classification, was non-Hodgkin diffuse large B-cell lymphoma, and lymphoma cell infiltration of the serosa was observed, as shown in Fig. 2B . Immunohistochemical studies of the resected gastric specimen revealed that the lymphoma cells were positive for CD45, CD20, and CD79a, and negative for CD3 and CD30. Microscopic examination of the regional lymph nodes and spleen revealed no evidence of an involvement by the lymphoma cells. Clinical stage was IE according to the Ann Arbor classification of lymphoma [4] . Postoperative recovery was uneventful, and the patient was discharged on postoperative day (POD) 26.
On POD 31, he was readmitted, complaining of severe abdominal pain in the right upper quadrant, accompanied by fever. Moderate elevations of C-reactive protein (10.2 mg/dl), aspartate transaminase (AST; 123 IU/l), and alanine transaminase (ALT; 100IU/l) values were noted, without any leukocytosis or thrombocytosis. The bilirubin level was not elevated. Contrast-enhanced CT (Fig. 1B) and ultrasonography on POD 32 disclosed thrombus in the portal vein and splenic vein. Ascites and pleural effusion were also noted, without any evidence of recurrence of the disease. The intestine appeared to be edematous and surrounded by free ascites. After the diagnosis of PVT, prompt treatment, including intravenous heparin combined with human recombinant tissue plasminogen activator (tPA) was initiated. The tPA (6.40 ϫ 10 6 U/ day) was given for 2 days, and heparin (20000 U/day) was given for 10 days, together with antibiotics. Mildly elevated D-dimer (2.63 µg/ml) and thrombinantithrombin III complex (TAT; 5.1 ng/ml) levels were noted prior to the start of heparin therapy. There were no abnormalities in the levels of lupus anticoagulant (1.27), protein C antigen (79%; normal range [NR], 64%-146%), protein S antigen (97%; NR, 65%-135%), or antithrombin III (119%; NR, 75%-125%). By POD 43, this treatment had resulted in clinical improvement, but had failed to achieve thrombolysis in the portal vein (Fig. 1C) . Systemic heparinization was gradually re- placed by antithrombotic therapy with daily sodium warfarin monotherapy, and the patient was discharged on POD 57. The patient has been followed for more than 6 months without adjuvant chemotherapy or any evidence of recurrence of the disease. At follow-up after 6 months, the patient complained of postprandial abdominal pain with persistent peripheral edema and ascites.
Discussion
PVT after splenectomy occurs most commonly in patients with hematological disorders, who frequently have moderate to marked splenomegaly with a dilated splenic vein and are in a hypercoagulable state [5] . Chronic hematologic diseases, such as myeloproliferative disorders and hemolytic anemia, are recognized as significant risk factors for PVT after splenectomy [5] [6] [7] . In contrast, PVT has rarely been reported after the removal of a normal spleen from patients without hematological disorders [2] . So far, there have been reports of only two patients who developed PVT after splenectomy for en-bloc node dissection in gastric malignancy [2, 8] , excluding our patient.
Stasis of blood flow in the stump of the splenic vein is considered to be a pathogenic cause of PVT after splenectomy. In patients with a large spleen, the stump of the splenic vein remaining after ligation forms a cul de sac [2, 6, 9, 10] . Turbulence in this cul de sac can result in thrombosis, which, in turn, may extend into the portal vein and the superior mesenteric vein. Because there is a correlation between the size of the spleen and the diameter of the splenic vein, marked splenomegaly with large veins increases the risk of PVT [2, 6, 9] . Some authors believe that a long splenic vein stump increases the risk for PVT as well, and they recommend ligation of the splenic vein as close as possible to its junction with the inferior mesenteric vein so that there is some continuous flow in the remaining section of the splenic vein [2, 6, 11, 12] . In addition, the increased blood viscosity, due to high platelet and leukocyte counts as a result of lack of splenic breakdown, is considered to cause hypercoagulability after splenectomy [2, 11] . The median platelet count at the time of PVT diagnosis has been reported to be 827 ϫ 10 9 /l (range, 375-1447 ϫ 10 9 / l), while the median postoperative maximum platelet count has been reported to be 1020 ϫ 10 9 /l (range, 609-1490 ϫ 10 9 /l [7] . The maximal platelet count in our patient was 719 ϫ 10 9 /l on POD 12, and the high platelet counts may have caused hypercoagulability after the splenectomy. In addition, the median splenic weight in patients who developed PVT was documented to be 660 g (mean, 975g; range, 240-2730g) [7] . Our patient's spleen weighed 480 g, which suggested a large splenic vein stump that led to sluggish blood flow after the splenectomy.
The incidence of symptomatic PVT after splenectomy has ranged from 0.7% to 1.6% in large retrospective studies [2, 7, 11, 13] , while that of asymptomatic PVT has been reported to be 3.8%-6.7 % [11, 14] . The symptoms of PVT include abdominal pain, fever, diarrhea, nausea, ascites, and peripheral edema [2, 6, 14, 15] . These symptoms are nonspecific, which makes it difficult to suspect PVT initially in the majority of patients [2, 6, 14] . The laboratory data are also considered to be nonspecific and unhelpful in establishing the diagnosis [1, 2] . However, leukocytosis and mild elevations in transaminases, alkaline phosphatase, lactate dehydrogenase, and bilirubin have been reported so far [1, 2] , and they can be clues to suspect PVT. On the other hand, contrastenhanced CT and ultrasonography can easily detect PVT, as in our patient. Therefore, suspicion of PVT is important for the early diagnosis of PVT.
PVT is a potentially fatal complication of splenectomy. The major complication of such thrombosis is extension of the clot into the superior mesenteric vein, with resultant lethal bowel infarction [1, 2, 6] . Therefore, prompt initiation of thrombolytic therapy for PVT is important for successful management [7] . Treatment with thrombolytic agents followed by longterm anticoagulants, in combination with antibiotics, can prevent the development of lethal complications such as bowel infarction and variceal bleeding [2] . A high thrombolysis rate, of 77%, has been demonstrated after anticoagulant therapy [14] , and fibrinolytic therapy with highdose urokinase (2.16 ϫ 10 6 U) over 3 days has been documented to dissolve PVT successfully [12] . However, optimal dosages and a standard method of thrombolytic therapy for PVT after splenectomy have not been clearly established. The role and optimal duration of anticoagulant therapy are also unclear. Some authors prescribe longterm anticoagulants only for symptomatic patients [2] , whereas others prescribe them for all patients with proven PVT [14] . The role of prophylactic heparin remains uncertain as well, because PVT sometimes develops even after the prophylactic use of heparin [7] . When a thrombus has persisted for months, cavernous transformation of the portal system may develop [2, 14] . Once cavernous transformation occurs, the recommended duration of anticoagulant therapy is, as yet, unclear. In addition to medical therapy, more aggressive treatment, with a combination of surgical thrombectomy and regional thrombolysis using tPA has been proposed [16] , and such procedures may improve the outcome in selected patients, such as those with signs of bowel infarction. In our patient, prompt therapy, including intravenous heparin combined with tPA, was initiated after the diagnosis of PVT, followed by longterm warfarin. This treatment succeeded in clinical improvement and prevented the lethal complications, but failed to achieve thrombolysis in the portal vein. It has been reported that treatment within 10 days after splenectomy is successful in achieving thrombolysis, but that delayed treatment is ineffective [7] . The initiation of treatment on POD 32 might have been too late in our patient. As regards the dosage of tPA and duration of anticoagulant therapy, administration of tPA, 6.40 ϫ 10 6 U/day for 2 days, and heparin, 20 ϫ 10 3 U/day for 10 days, appeared to be sufficient. The diagnosis of PVT requires definitive imaging evidence. Ultrasonography is relatively inexpensive and easy to perform, and color-flow Doppler techniques supplement the accuracy of the examination and are currently considered to be the best method of diagnosing PVT. Contrast-enhanced CT is highly specific, but slightly less sensitive than ultrasonography [17] . Magnetic resonance imaging angiography and mesenteric angiography are unlikely to be necessary to establish the diagnosis in most cases. Color Doppler imaging has allowed symptomatic PVT to be diagnosed within 15 days after splenectomy, and asymptomatic PVT within 30 days [9, 11, 14] ; thus, our patient should have been examined by ultrasonography within the first 30 days after surgery and may have benefited from early detection. There have been contradictory discussions regarding routine surveillance imaging for PVT after splenectomy [14, 15] ; however, such surveillance may lead to the early detection and treatment of PVT and thus, potentially, avoid subsequent complications. Because the natural history of PVT is unknown, only a randomized study can provide the answer as to whether the early detection and early treatment of asymptomatic PVT are of benefit to patients. However, a high level of clinical suspicion and a low threshold for obtaining imaging examinations is needed in symptomatic patients.
Conclusion
Although PVT after splenectomy has been reported mainly in patients with hematological disorders, the findings in our patient suggest that splenectomy for enbloc node dissection in gastric malignancy is a possible cause of PVT. Surgeons should remember PVT among several other complications whenever patients treated with radical gastrectomies are symptomatic and imaging studies are considered necessary.
